Soil solution samplers (tension and suction lysimeters) have been used to test for a variety of dissolved chemicals, including nutrients, pesticides, and other pollutants, in the vadose (unsaturated) zone. These devices, which consist of a tube fitted with a porous cup at the end, are inserted in soil at various depths to monitor chemical movement through the soil column. Samplers vary in size and construction materials (4, 7, 9) . Cups, which are generally made of ceramics, Teflon, or stainless steel, may either be in direct contact with soil or enveloped with silica flour. Silica provides a filtration medium between the soil and the cup. When the sampler is placed in the field, soil water enters the porous cup by gravitational flow or by suction and is removed via a suction tube inserted in the lysimeter during sampling.
When comparing bromide concentrations in the soil column with those from lysimeter samples, Smith et al. (8) reported concentrations three to five times lower in water collected in lysimeters. The authors suggested that silica flour may have impeded ion transport, that higher moisture content in the flour may have diluted the bromide, or that the ceramic cup may have adsorbed it. Similar discrepancies have been noted by others (1) .
Another explanation, which is the object of the present studies, is that analytes may be removed by sorption, transformation, or other processes mediated by microorganisms colonizing porous cups. Even in cases in which biotransformation may be negligible for soil water containing free-living microbes, highly concentrated microbiota associated with biofilms formed on surfaces can rapidly reduce the concentrations of chemicals contacting them. In studies with methyl m-chlorobenzoate, for example, no microbially mediated loss of the chemical could be detected over several days in the water phase, but the half-life of the chemical in contact with biofilm was less than 10 min (3) . Biofilms associated with the exterior surfaces of lysimeter cups may not provide much more biomass than microbes attached to soil particles. Thus, one might not expect microbially mediated analyte losses from cup surfaces to exceed losses attributable to the surrounding soil particulate microbes. However, colonization in and around pores of the ceramic walls through which water is channeled may provide increased contact surface area between microbes and dissolved analytes.
Perhaps a more important consideration is that biotransformation rates of dissolved chemicals moving slowly through soils are likely to be mass-transport limited. Under these conditions, transformation rates are accelerated by increased water flow rates (2) . Thus, water moving across and through biofilms under suction used to withdraw soil water would further enhance biotransformation rates associated with lysimeter cups. Suction-enhanced biotransformation rates might result not only from microbes colonizing cups but also from those associated with silica flour or soil in the immediate vicinity of cups.
Many of the analytes monitored with soil water samplers are adsorbed or transformed by microorganisms living in soil environments. Therefore, we conducted laboratory studies to determine whether microbes colonizing lysimeter cups could cause measurable decreases in the concentrations of various chemicals passing through the porous ceramic walls. Test chemicals included 2,4-dichlorophenoxyacetic acid methyl ester (2,4-DME), 2-chloro-2',6'-diethyl-N-(methoxymethyl)acetanilide (alachlor), methyl m-chlorobenzoate, and 2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide (metolachlor). These 
RESULTS
When soil water samplers were unearthed and placed in basal salts solution containing 2,4-DME, substantial differences between concentrations inside lysimeters in samples taken at 4.5 h and outside concentrations were observed even after 1 week of field incubation (Fig. 1) . After 2 months, little to none of the chemical passed through the lysimeter cups. Alachlor, methyl m-chlorobenzoate, and metolachlor concentrations were also consistently lower in samples taken at 4.5 h from inside the lysimeters (Fig. 2) . Concentrations remained lower inside the lysimeters when all of the water was emptied from lysimeters at 4.5 h and concentrations were determined for water entering from 4 lysimeters equalized with outside concentrations as the lysimeters were periodically emptied (Fig. 3) . In other trials (data not shown), 2,4-DME concentrations also equalized. Thus (Fig. 5) .
The addition of 100 ml of 2% copper sulfate (12.5 mmol/liter) to the treated lysimeters on day 30 further reduced CFU. Thus, copper salt treatments could be administered either by using treated silica when lysimeters were installed or afterwards by adding the salt solution to the lysimeter. tiny, and considering that copper concentrations originally present in the lysimeters were much higher than that in the nutrient agar, we concluded that microbes in treated lysimeters were inactive. Therefore, CFU for treated lysimeters did not indicate that active microbial colonization had occurred. Instead, these microbes were carried in from surrounding soil water and inactivated by the copper treatment.
At 2 weeks, copper-treated lysimeters (Fig. 5 ) yielded more soil water than untreated lysimeters (463 + 54 and 205 + 68 ml, respectively [mean + standard error of the mean; n, 3]). Similarly, at 30 days, treated and untreated lysimeters yielded 63 ± 13 and 32 ± 9.2 ml, respectively (mean ± standard error of the mean; n, 3). These observations indicated that microbial growth on cups was lessened, thus allowing soil water to move more freely through uncolonized ceramic walls. 2,4-DME, for example, which is degraded by almost all types of microorganisms (bacteria, fungi, and algae), was rapidly degraded by microbial growth in lysimeters (Fig. 2  and 3 ). The 
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